The most important factor affecting esthetics is colour. Whether a definitive prosthesis or a provisional restoration, maintenance of esthetics is of prime concern along with restoration of function. Colour stability of provisional prosthesis is affected by various factors and various studies are documented in the literature on this. The purpose of this study was to evaluate the colour stability of provisional restorative materials exposed to different mouth rinses at varying time intervals. 120 discs, each of self cure tooth moulding material, Protemp 4 and Revotek LC were prepared and immersed in two mouth rinses, hexidine and periogard and evaluated for their colour stability after 1 week, 1 and 3 months.
Introduction
Provisional restorations are used in fixed prosthodontics for the period between tooth preparation and final prosthesis placement. Provisional restorations in fixed prosthodontic rehabilitation are important treatment procedures, particularly if the restorations are expected to function for extended periods of time or when additional therapy is required before completion of rehabilitation. The prognosis of a fixed restorative procedure is largely dependent upon the quality of the interim treatment restoration [1] . Fixed prosthodontic treatment, whether involving complete or partial coverage, natural tooth or dental implant abutments, commonly relies on indirect fabrication of a definitive prosthesis in the dental laboratory. Fabrication of this definitive prosthesis, on an average takes about 7-10 days during which the prepared tooth need to be protected from the oral environment and also its relationship with the adjacent and opposing tooth need to be maintained. Thus, in order to protect these prepared abutment teeth, provisional restorations are fabricated and the process is called as temporization.
The term ''provisional'' denotes ''serving for the time being'', as a necessary step in providing for the final arrangement. The requirements can be biological, mechanical and esthetic concerns. The provisional crown protects the pulp from thermal and chemical insults after crown preparation and enamel removal. It serves to maintain gingival health and contour while providing for an esthetic and/or functional interim restoration. Provisional crown should also be easy to clean and not impinge on the tissues. Most importantly they maintain the inter-occlusal and intra-arch tooth relationships. Finally they should exhibit a good shade match and have a highly polished surface so that they are esthetically pleasing to the patient [2] . These restorations must not only provide an initial shade match, but also maintain an esthetic appearance over a period of time. Alterations in colour of these restorations compromise the acceptability.
Materials used for fabricating provisional restorations involve autopolymerizing polymethyl methacrylate, polyethylene methacrylate, polyvinyl methacrylate, urethane methacrylate, bis-acryl and even microfilled resin. These materials can be either chemically or light polymerised or both [3] .
Colour stability of provisional materials is of prime concern, particularly when the restorations involve esthetic zone and must be worn for extended periods of time. Discoloration of provisional materials may lead to patient dissatisfaction and even additional expense for replacement. Although the use of stabilizers has decreased to a certain extent, the chemically induced colour change, provisional materials absorb liquids thereby producing colour change due to staining [4] .
The degree of colour change can be affected by various factors like incomplete polymerization, water sorption, diet of the patient and oral hygiene measures. Water is found to play an important role in chemical degradation process such as oxidation and hydrolysis and thereby subsequent change in the optical property of the provisional restorative material.
The quantitative evaluation of colour difference (DE) with a spectrophotometer confers advantages such as repeatability, sensitivity, objectivity despite some limitations [5] . If a material is completely colour stable or unstained, no colour difference will be detected after its exposure to the testing apparatus (DE = 0).
Various studies have been reported on the influence of staining materials like tea, coffee, red wine on the provisional materials [6] [7] [8] . Mouth rinses have been routinely used to prevent bacterial colonization and maintenance of oral hygiene. But there is a lack of literature evidence on the effect of these mouth rinses on the colour stability of provisional crowns.
Hence, this study has been designed to evaluate the colour stability of three different commercially available provisional restorative materials when exposed to different mouth rinses at varying time intervals.
Materials and Methods
Three different provisional restorative materials (self cure tooth moulding powder-DPI, Protemp 4-3M ESPE, Revotek LC-GC Corp) and two mouth rinses (hexidine-ICPA and periogard-Colgate) were used. 360 specimens (120 of each material) were prepared in the form of discs of size 10 mm diameter and 2 mm thickness. 120 samples, each of self cure tooth moulding powder-DPI belonging to group I ( Fig. 1 ), Protemp 4-3M ESPE belonging to group II ( Fig. 2) and Revotek LC-GC Corp belonging to group III ( Fig. 3) were then divided into four categories (A: untreated specimens, B: synthetic saliva, C: synthetic saliva ? hexidine, D :synthetic saliva ? periogard). The 120 samples of each group were now separated into these four categories of 30 samples each as I A: self cure untreated specimens, I B: self cure-synthetic saliva, I C: self cure-synthetic saliva ? hexidine and I D: self cure-synthetic saliva ? periogard and similarly for group II and group III. Revotek LC-GC Corp: group III A brass template was fabricated using precise milling instruments with circular sections of 10 mm diameter and 2 mm depth cut off for the preparation of samples ( Fig. 4) .
After finishing and polishing, the discs were rinsed with distilled water at room temperature and immersed in staining solutions. Untreated group specimens were used as a control. Colour intensity was evaluated after 1 week, 1 and 3 months using a spectrophotometer. Specimens of the required dimensions which were highly polished with smooth, flat and glossy surface were included in the study and specimens with surface irregularities, visible cracks or porosities were excluded from the study. The staining solutions were prepared in the ratio 3:1 (mouth rinse:synthetic saliva). The samples were then incubated at 37°C and stored in a dark place to simulate oral conditions ( Fig. 5 ).
Surface stain was evaluated using a PC based double beam spectrophotometer. After 1 week, 1 and 3 months, 10 discs from each group were evaluated for colour variation. At 1 week, each disc was treated with 99.9 % ethanol to leach out the stain taken by it. This leached out solution was then evaluated for colour intensity. The frequency of the spectrophotometer was set by setting the maximum absorbance at 635 nm. The untreated group specimens were used as control. The same procedure was followed to evaluate the colour intensity of the remaining specimens after 1 and 3 months time interval.
The data obtained was then statistically analysed using ANOVA and Tukey's post hoc analysis.
Results
The results of the present study indicate that for self cure tooth moulding material, there is a significant difference between the staining variables at 1 and 3 months with as values are less than 0.05(0.016) but not significant at 1 week and this is because of variations between the untreated specimens and samples immersed in synthetic saliva ? periogard at 1 month and at 3 months the significance is because of variations between the untreated specimens and samples in synthetic saliva ? periogard ( Table 1) . For Protemp 4, there is a statistically significant difference between the 1 week and 3 month groups with value of 0.001 ( Table 2) . The difference in variation at 1 month is between the untreated specimens and synthetic saliva, synthetic saliva ? hexidine and after 3 months the difference is between untreated specimens and synthetic saliva ? hexidine, synthetic saliva ? periogard but after 1 month the difference between the groups is not significant. For Revotek LC, there is a significant difference in the colour stability only after 3 months. Results indicate that at 3 months the variation is between untreated specimens and synthetic saliva ? hexidine and synthetic saliva ? periogard ( Table 3) .
Results of the present study depict that at 1 week, based on the mean spectrophotometric values, synthetic saliva stains the least. But comparing the two mouth rinses, synthetic saliva ? periogard has a less potential to stain when compared to synthetic saliva ? hexidine (Graph 1). After 1 month, synthetic saliva alone stains the least and when the two mouth rinses are compared, the staining caused by synthetic saliva ? periogard is less than synthetic saliva ? hexidine (Graph 2). And after 3 months, synthetic saliva stains least. Synthetic saliva ? hexidine stains maximum followed by synthetic saliva ? periogard (Graph 3).
Graphs 4, 5 and 6 show the change in stain taken up by each material in various staining solutions at 1 week, 1 and 3 months respectively and does not depict the comparison of stain taken up by different materials with each other as this depends on the composition and property of the material and hence cannot be compared. Colour taken up by each material is compared with the untreated specimen (control group).
After 1 week, for self cure tooth moulding, synthetic saliva has the least staining potential, followed by synthetic saliva ? periogard and synthetic saliva ? hexidine. For Protemp 4, after 1 week synthetic saliva stains least and then synthetic saliva ? hexidine and highest staining is cause by 
Discussion
The prime concern of patients during any restorative procedure is esthetics and function. Provisional restorations are intended for the time between tooth preparation and before the fit and insertion of the final prosthesis. Even during the time when provisional restorations are being present in the mouth, esthetics is of importance. Along with restoration of function, colour stability of these provisional restorative materials also becomes an important consideration during prosthodontic rehabilitation when involving an esthetic zone or when intended to be worn for extended periods of time.
The most routinely used group of material in the market is a group of bisacrylate composites. Comparable with composites routinely used for definitive restorations, these materials consist of an organic matrix and inorganic fillers. Monomers such as bisphenol-A-glycidyl methacrylate (bis-GMA), triethylene glycol dimethacrylate or similar monomer systems derived from Bowen resin are also used. Introduction of these bisacrylate systems for temporary restorations lead to improved mechanical properties, lower setting temperature and reduced polymerization shrinkage as well as good polishability.
Provisional crowns are typically fabricated from one of the available methyl or bisacrylate resins, each of colorants, drinks, oral habits or even mouth rinses that are commonly prescribed to patients for maintenance of a healthy oral environment.
Various studies have been documented in the literature on the colour stability of different provisional crown materials with numerous colouring agents. This study has been designed to significantly evaluate the colour stability of three commercially available provisional restorative materials in two different mouth rinses and also their difference at varying time intervals.
Discoloration can be evaluated visually and by instrumental techniques (spectrophotometer and colorimeter). The colour perception by visual assessment is subjective, physiologic process that tends to vary from person to person. Variability is a result of factors like illuminant position, object being observed, colour characteristics of the illuminant, fatigue, aging, metamerism, and also the environment state [9, 10] . Use of a standardized instrument would potentially eliminate such errors. A spectrophotometer has been found to be a reliable tool for such measurements [11] .
Analysis of variance or ANOVA is the statistical test used along with post hoc analysis. ANOVA is useful in comparing two or more means and finding if the difference is statistically significant. Post Hoc tests are designed for situations in which the researcher has already obtained a significant F test with a factor that consists of three or more means and additional exploration of the differences among the means is needed to provide specific information on which means are significantly different from each other.
Based on the spectrophotometric values obtained in this study, after 1 week, 1 month and also after 3 months, synthetic saliva ? hexidine had a greater staining potential when compared to synthetic saliva alone or synthetic saliva ? periogard, irrespective of the material being used. Significant difference in the staining was caused at 1 week and 3 months with ANOVA values \0.001.
Considering the clinical implications of this study, the colour stability of various provisional crown materials in mouth rinses was compared with synthetic saliva. The spectrophotometric values showed that after 1 week, self cure tooth moulding material and Revotek LC was stained least by synthetic saliva ? periogard but for Protemp 4, synthetic saliva ? hexidine stained less.
After 1 month, self cure tooth moulding was stained least by synthetic saliva ? hexidine but Protemp 4 and Revotek LC were least stained by synthetic saliva ? periogard. The values after 3 months revealed that synthetic saliva ? periogard had the least staining potential for self cure tooth moulding material, Protemp 4 and Revotek LC.
According to the results of the present study, Revotek LC was the most colour stable provisional crown material for 1 week and after 1 month time interval and this is in agreement with the results of the study conducted by Gupta and Gupta [12] . Significant colour change was seen when Revotek LC was tested for 3 months. This result of the present study was similar to the conclusion drawn by Guler et al. [3] .
At 1 month, self cure tooth moulding material was found to be least colour stable which is similar to the results obtained by Gupta and Gupta [12] . Colour change exhibited by self cure (methyl methacrylates) in comparison to bis-acryl groups may be due to higher water sorption. According to Braden et al. [13] , uptake of water by a resin composite is a diffusion controlled process and occurs largely in resin matrix. Diffusion coefficient is usually lower in composites than methyl methacrylate because of higher cross-linked nature of former leading to lower water sorption. The lower colour stability of poly methyl methacrylates could be due to higher resin content and porosities. Self cure tooth moulding (polymethyl methacrylate resins) materials have acceptable mechanical properties but, these materials are subjected to absorption and adsorption of liquids resulting in discoloration. Pigments from food, beverages and drugs get deposited in the interprismatic spaces of the resin leading to compromised esthetics. Moreover, composite is auto-mixed by a dispenser gun instead of hand manipulation. This reduces the amount of air entrapment and porosity leading to higher colour stability.
In the present study, the staining ability of two mouth rinses namely hexidine and periogard were also evaluated. Results of this study indicate that synthetic saliva ? hexidine stain more when compared to synthetic saliva ? periogard, after 1 week, 1 month and even 3 months. Staining may be the result of the destruction mechanism of alcohol containing mouth rinses.
The present study does not compare the stain taken up by individual materials in various staining solutions with each other but compares the colour stability at different time intervals separately for each material as the colour stability depends on the material composition and properties.
Alcohol has been attributed to softening of polymer matrix that result in partial removal of the surface layer. Removal of the resin matrix result in the degradation of the filler-matrix interface, which contributed to decrease in hardness values [14, 15] and may also contribute to the colour change. But Gurgan et al. [16] showed that irrespective of alcohol concentrations, both alcohol containing and alcohol free mouth rinses affect the hardness of resinrestorative material.
Three commonly used provisional crown materials were used in the present study and evaluated for their colour stability in different mouth rinses at varying time intervals. Based on the results of the present study, Revotek LC was found to be the most colour stable material compared to other two materials and alcohol containing mouth rinse caused maximum discoloration of the provisional restorative materials.
Limitations of the Study
In the present study, to evaluate the colour taken up by each specimen, 99 % ethanol was used to leach out the stain from the specimens and then this solution was used to measure the colour intensity using a spectrophotometer. This procedure being an indirect method has the probability to induce some error in the study as compared to a direct method.
Since exact simulation of the oral environment is difficult in an in vitro study, the present study results would have been affected. In the present study the specimens are in contact with various staining solutions for different time intervals and the result depicts the potentiality of the provisional restorative materials to discolour and the staining characteristics of various mouth rinses. However, along with in vivo considerations for the time span of actual duration of contact during mouth rinsing protocols, further in vivo studies might be required in the same context to evaluate the exact colour change in the oral environment.
Conclusion
Within the limitations of the study, the following conclusions could be drawn:
1. Among the three provisional restorative materials,
Revotek LC was found to be the most colour stable material at varying time intervals. 2. Evaluation of the staining ability of the mouth rinses revealed that hexidine had more staining potential compared to periogard. 3. According to the results of the present study, it can be concluded that self cure tooth moulding material showed significant staining and least stain was taken up by Revotek LC.
4. According to the results of the present study, periogard had the least staining potential.
